A total of 343 calves (males and females) were evaluated for preweaning average daily gain, weaning weight (WW), feedlot average daily gain to slaughter (ADGF), slaughter weight (SW), pelvic height (PH), pelvic width, pelvic area, weaning conformation score (WS) and ratio of weaning weight to the dam's weight at weaning (R). Mating types included straightbred Angus (A) and Santa Gertrudis (S), the reciprocal crosses of these two breeds and Gelbvieh (G) • Angus. Straightbred S and A • S crosses had the heaviest WW, followed by S x A and G • A crosses; straightbred A had significantly smaller WW than all other mating types. The crossbreds and the straightbred S had higher WS than straightbred A. The ratio of WW to cow weight was largest for S • A. The straightbred S and A • S crosses had significantly lower R values than the other mating types. Weaning weight per cow exposed, computed as the product of weaning rate and weight, indicated that straightbred A had an advantage over the other mating types (156.5 kg), whereas S and S • A were intermediate (147.9 and 147.6 kg, respectively) and A • S was lowest (128.9 kg). Feedlotgain was highest for A x S, though not significantly greater than for straightbred S or G x A. Straightbred A gained significantly less than other mating types except S • A. Straightbred A were found to be significantly smaller at slaughter than the other mating types. The S • A and G x A were intermediate; the straightbred S and A • S were significantly larger for SW. When reproductive efficiency was combined with postnatal performance, straightbred A had a distinct advantage for WW and SW per cow exposed. Pelvic measurements tended to be largest for S, intermediate for the crossbred types and smallest for A. Significant heterosis was found for all characteristics except PH.
Introduction
Commercial cattlemen have become dependent on crossbreeding systems for efficient and profitable beef cattle production. Crossing specific breeds or lines should result in an advantage for many characteristics of economic importance through heterosis. In order to develop optimal crossbreeding systems each breed must be evaluated with respect to its crossing ability with other breeds. *This study was partially funded by the Georgia Agric. Exp. Sta. and was part of Hatch Project H608. 2Present address: Dept. of Agric., Stephen F. Austin State Univ., Nacogdoches, TX 75962. 3Anim. and Dairy Sci. Dept. Received September 18, 1987. Accepted January 29, 1988 .
The germ plasm evaluation program at the U.S. Meat Animal Research Center in Clay Center, NE was conducted to evaluate a number of breed crosses for economic improvement of beef production in a northern environment. Production parameters in the Southeast are different from those in temperate environments because of climate (temperature and humidity), forages, parasites and perhaps other unknown factors. Genotype x environment interactions have been demonstrated, thus the possibility exists that various crosstypes could rerank under different systems of management as well as in different regions of the country (Butts et al., 1971; Burns et al., 1979; Pahnish et al., 1983 Pahnish et al., , 1985 .
The commercial cow-calf producer usually is concerned with preweaning growth traits,
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J. Anim. Sci. 1988 Sci. . 66:1585 Sci. -1591 whereas the commercial feedlot is concerned with postweaning characteristics. Ultimately the packing and retail segments of the industry must be concerned with the quality and quantity of meat products from such production systems. Therefore, each phase of production must be considered to properly evaluate crossbreeding systems. This paper discusses the preweaning and feedlot performance of calves from a partial diallel mating scheme utilizing straightbred Angus and straightbred Santa Gertrudis plus Gelbvieh x Angus.
Materials and Methods
Angus (A), Santa Gertrudis (S) and Gelbvieh (G) sires were mated to Angus and Santa Gertrudis dams to produce five mating types, Ax A, SX S, Sx A, AX SandGx A.
A detailed description of the cow herd management is presented by Gotti et al. (1985) . The calves were born January to March in the years 1977 through 1980. Bull calves were castrated shortly after birth. The calves were weaned in late August at an average age of 211 d. Calves were dewarmed and implanted with Ralgro| at weaning and at 90-d intervals thereafter. The weaned calves were allotted to feeding pens by sex and by stratified randomization such that each mating type was represented in each pen. After an adjustment period the calves were fed a high-energy concentrate diet ad libiturn (Table t) . The feeding period was either for 190 or 230 d because the cattle were randomly assigned to one of two slaughter groups and slaughtered at an average age of either 13 or 15 mo. The allotment to slaughter group was stratified by age and weight.
The growth traits evaluated included preweaning average daily gain (ADGW), weaning weight (WW), feedlot average daily gain to slaughter (ADGF), slaughter weight (SW) and measurements of the pelvic opening size at first slaughter date (PH = pelvic height, PW = pelvic width and PA = pelvic area). Pelvic opening size was measured with a Rice Pelvimeter, and the area was calculated as the product of the height and width measurements. Other traits evaluated included conformation score (range, 1 to 17) at weaning (WS) and the ratio of weaning weight to the dam's weight at weaning times 100 (R). Weaning weight and SW per cow exposed in the breeding herd were used as indicators of efficiency to weaning and slaughter for the A, S and their reciprocal crosses. Efficiency values were not computed for the G crosses because most of the calves were produced through artificial insemination (Gotti et al., 1985) . The mating design with numbers of calves born is presented in Table 2 .
The data were analyzed using the computational methods of SAS (1985) . The statistical model included the fixed effects of year, breed of sire, breed of dam, sex of calf, age of dam and the interaction of breed of sire x breed of dam. A covariate for age of calf was included in the model when analyzing WW, R and the pelvic measurements. Analyses of ADGF and SW included the fixed effect of slaughter group and a covariate for age deviation within slaughter group. The random components of the model were sires nested within breed-of-sire, and error. Sires within breed was used as the denominator of the F ratio to test breed-of-sire effects. All two-way interactions including the breed of dam • age of dam were tested. In addition, the three-way interactions of breed of sire x breed of dam • sex of calf and breed of sire x breed of dam x slaughter group were tested and found to be nonsignificant; hence, these interactions and those nonsignificant twoway interactions were eliminated from the final model.
The F ratio for the breed of sire x breed of dam interaction from analyses involving only data from A, S and reciprocal crosses of these breeds was used to test for significance of heterosis effects. The same analysis provided estimates of heterosis computed from the interaction subcell least squares means. The sire breed x dam breed interaction subceU least squares means from analyses involving the three breeds of sire (A, S and G) and the two breeds of dam (A and S) were used to compare the five different mating types. All possible comparisons were made, thus the power of the test was reduced.
Results and Discussion
Least squares means for each mating type and the effect of sex of calf are presented in Table 3 for each trait studied.
Preweaning Average Daily Gain. Comparison of the mating type least squares means indicated that the straightbred S and the A x S crosses gained significantly faster than the other three mating types (Table 3 ). The crosses of S x A and G x A were not different in preweaning growth rate; however, both gained significantly faster than straightbred A. Brown et al. (1975) reported larger differences when comparing S • A vs straightbred A, although the ranking was the same as in the present study. Gregory et al. (1978c) found a preweaning gain difference of .06 kg/d between G • A and reciprocal crosses of Hereford with A.
Comparison of the A • S and S x A subceUs indicates a significant difference (.1 kg/d) in maternal ability in favor of the S dam. Neville et al. (1984a) found S crossbred females to have greater maternal ability than A crossbred females. Gregory et al. (1978a) found A dams superior to Hereford dams for maternal ability but inferior to Brown Swiss and Red Poll dams. Attributing all the difference between the A • S and S x A subcells to a difference in maternal ability assumes that the average breeding value for the sample of sires and dams within breed used in this study is the same. As is the case in most diallel mating schemes, this assumption is difficult to verify.
Sex of calf wasa significant source of variation for ADGW. Steers gained faster than heifers, .90 vs .85 kg/d, respectively. These results are in general agreement with the literature (Long and Gregory, 1974; Brown et al., 1975; Gregory et al., 1978a; Dillard et al., 1980) . Age of dam was significant in this study for ADGW but was not different from that previously reported in the literature. Age of dam effects were similar across the two breeds.
The interaction of sire breed x dam breed involving only A and S indicated significant heterosis of .03 kg/d (3.3%). Long and Gregory (1974) found 8% heterosis for crosses between A and Hereford. Neville et al. (1984a) reported average ADGW heterosis for A • S to be .033 kg/d.
Weaning Weigbt. Mating type differences for WW were in the same direction as those for ADGW, with A • S and straightbred S weighing significantly more at weaning than the other mating types. The G x A and S • A crosses were intermediate, and the straightbred A calves weighed the least at weaning. These results generally agree with those in the literature (Long and Gregory, 1974; Gray et al., 1978; Gregory et al., 1978a) . Crockett et al. (1978) found a significant mating type effect in a study involving A, Brahman and Hereford breeds of cattle. Thrift et al. (1978) did not find a significant mating type effect for WW; however, that study included Examination of the sire breed • dam breed interaction from the analysis involving only A and S demonstrated WW maternal differences (21.4 kg) in favor of the S dams. Most of the maternal difference can be attributed to ADGW, because the birth weight difference between the reciprocals was not significant (Gotti et al., 1985) . The maternal effect reported here is larger than the average difference between the two breeds found by Neville et al. (1984a) . The difference between A and Red Poll reciprocals (23.9 kg) reported by Gregory et al. (1978a) is similar to that reported in this study.
Heterosis for WW was significant at 7.7 kg (3.6%). Crockett et al. (1978) , Gray et al. (1978) and Gregory et al. (1978a,b) found significant heterosis for weaning weight using several other breeds of cattle. The range of heterosis in these studies was from 23 kg for Brahman • Hereford to 6 kg for Brown Swiss x A crosses.
Age of dam and sex of calf were significant sources of variation. Age of dam effects were similar to those in the literature and did not differ between the two breeds.
Ratio of Calf Weaning Weight to Cow
Weight. The ratio of calf weaning weight to cow weight at weaning is a measure of efficiency that considers both the growth rate of the calf and cow size. The higher the ratio the more efficient the production, because maintenance costs vary with size of cow. Vanmiddlesworth et al. (1976) found that this ratio had a higher repeatability than that of calf weight in Hereford and A cattle.
In comparing the five mating types, the S x A mating type had the highest R, although not significantly different from the G • A. The straightbred A were intermediate for R, and the A • S and straightbred S had the lowest ratios. Mating types that had A dams were significantly different from those that had S dams, indicating a distinct advantage for A dams.
Heterosis for the ratio was significant; the average of the crossbreds was 2.1 units (4.7%) higher than the average of the straightbreds.
Weaning Weight per Cow Exposed. In order to provide a value for overall efficiency from breeding to weaning, WW, reproductive efficiency, and survival to weaning were combined by multiplying the least squares means for WW by the percentage of calves born/cow exposed and percentage of survival to weaning (Gotti et al., 1985) . Table 4 shows that straightbred A had an advantage over the other crosstypes (156.5 kg weaned for each cow exposed). The straightbred S and the S • A were intermediate (147.9 and 147.6 kg, respectively), whereas the A • S produced the least kilograms at weaning per cow exposed (128.9 kg) in our breeding herd. The WW maternal advantage for S dams over A dams was not large enough to overcome the lower reproductive efficiency of the S dams when comparing the reciprocals for WW per cow exposed. Differences in reproductive efficiency cancel their advantage in growth for the crossbreds, which resulted in a negative heterosis of 9.2% (-13.9 kg). The G crosses were not included in these comparisons because most of the calves were produced through artificial insemination, making it impossible to compare reproductive rates.
Weaning Score. Straightbred A calves graded significantly lower than the other mating types in this study. Brown et al. (1975) found similar results in a study involving A, Hereford, S and Charolais cattle. In our study the differences between the straightbred A and the S • A were larger than those obtained by Brown et al. (1975) .
The sire breed • dam breed interaction involving only the A and S breeds was significant, indicating heterosis for WS. The average of the crossbred's scores was .36 grades, or 3.0%, above that of the straightbred's. Long and Gregory (1974) found similar heterosis for WS in the Hereford and A breeds. Thrift et al. CValues computed as the product of percentage of calves born/cow exposed, percentage of survival to weaning and weaning wt or slaughter wt.
(1978) did not find significant heterosis for condition score at weaning in A, Hereford, Charolais, Maine-Anjou, Simmental and Holstein breeds. Brown et al. (1975) found a nonsignificant 2.5% heterotic effect for WS when crossing A and Hereford breeds.
Feedlot Average Daily Gain. In comparing the mating type least squares means (Table 3) , straightbred A and S • A gained similarly. Straightbred A gained significantly less per day in the feedlot than straightbred S, A x S and G • A. The A • S crosses gained most rapidly postweaning; however, their rate of gain was not significantly faster than for the G x A or the straightbred S. The G x A, S • A and the straightbred S were not significantly different in feedlot growth rate. The results shown in Table 3 are in general agreement with those results reported by Neville et al. (1984b) for a rotational crossing system involving A, S and Polled Hereford.
Significant heterosis of .03 kg/d (3.4%) was detected, which is similar to the .037 kg/d reported by Neville et al. (1978b) . There also was a difference in the reciprocal crosses of the A and S breeds. This could be a carryover maternal effect, or perhaps there was a difference in the average genetic merit of the sires and dams within these two breeds sampled for this study.
Steers gained significantly faster than heifers (1.06 vs .86 kg/d). The slaughter group effect approached significance (P < .07), with the second group gaining at a slightly slower pace than the first group (.03 kg/d difference). The three-way interaction of sire breed • dam breed x slaughter group was not significant, indicating no change in the ranking of mating types with respect to days on feed. The effect of dam age was not significant for ADGF.
Slaughter Weight. Weight at slaughter incorporates both preweaning and postweaning growth rate. There was a significant slaughter group effect, with the second slaughter group weighing 37.3 kg more than the first group. The three-way interaction of sire breed x dam breed • slaughter group was found not to be significant, indicating that differences between mating types were not changed due to increased number of days on feed.
Comparison of the least squares means in Table 3 for SW indicated that the A x S mating type produced the heaviest calves at slaughter; however, this cross was not significantly heavier than the straightbred S. The G • A crosses were not significantly heavier than straightbred S or S x A. Straightbred A were significantly lighter than each of the other four mating types. Koch et al. (1979) found a larger difference between G x A and straightbred A steers than we did; however, only feedlot performance of steers was included in their study. Slaughter weight differed significantly between steers and heifers (482.7 and 420.1 kg, respectively).
Significant heterosis involving the crosses of S and A was found to be 15.8 kg, representing a 3.6% increase for crossbreds over the average of the straightbreds. There also was a significant difference between the reciprocals involving S and A, which can be partially attributed to differences in preweaning maternal effects. This difference in reciprocal crosses could, as in ADGF, be the result of differences in the average genetic merit between the bulls and cows used within these two breeds. If this is the case, the difference would be an artifact of sampling rather than a true genetic difference.
Slaughter Weight per Cow Exposed. Slaughter weight per cow exposed was obtained by multiplying the slaughter weight least squares means by the percentage of calves born/cow exposed and percentage of survival to weaning (Gotti et al., 1985) . Table 4 shows the computed SW/cow exposed, for the four mating types involving A and S. As was the case in WW per cow exposed, the straightbred A had an advantage over the other crosstypes for SW per cow exposed (333.5 kg). Again, the straightbred S and S x A were intermediate (301.2 and 308.4 kg, respectively), whereas the A x S produced the least kilograms of SW per cow exposed (281 kg) in the breeding herd. Examination of this characteristic again points out the necessity of maintaining reproductive efficiency in a crossbreeding system and the necessity of analyzing life cycle productivity when evaluating crossbreeding programs. Heterosis was computed to be -22.65 kg (-7.1%).
Pelvic Opening Size. Significant mating type differences were demonstrated in the comparison of least squares means (Table 3) for PH, PW and PA. Straightbred S had the largest pelvic opening size, and straightbred A had the smallest size. The reciprocal crosses of A and S did not show a significant difference in PA or PH; however, there was a small significant difference for PW. The G x A crosses tended to be slightly smaller in pelvic dimension than the reciprocal crosses of A and S.
The interaction of sire breed • dam breed indicated significant heterosis for PW (1.4%).
Heterosis effects only approached significance (P < .08) for PA (2.3%) and were not significant for PH. The rankings of sire breeds and dam breeds for PA were less affected by the mating scheme than the other traits studied, thus sire breed and dam breed effects were examined for PA. Santa Gertrudis bulls sired progeny with the largest PA (262.2 + 3.7 cm2), followed by G sires (259.1 -+ 5.0 cm2), both of which were significantly different from A-sired progeny (241.9 + 3.3 cm2). Santa Gertrudis dams produced progeny with significantly more PA than A dams (268.1 -+ 4.0 vs 240.7 -+ 3.0 cm 2, respectively).
Heifers had significantly more PA (253.2 -+ 2.0 cm 2) than steers (248.8 -+ 1.9 cm2). Steers and heifers did not differ in PH but did differ significantly in PW (14.6 -+ .06 and 14.9 +-.06 cm for steers and heifers, respectively).
Generally, in our study straightbred S and A • S crosses performed at a higher level than the other three mating types represented. The crossbreds, G • A, S • A and A x S, tended to perform at the same level. Straightbred A were significantly lower in most performance characteristics measured in this study except R. However, when reproductive efficiency was combined with postnatal performance, straightbred A appeared to have a distinct advantage for WW per cow exposed and for SW per cow exposed. In this study, direct measures of performance tended to favor S; however, when performance was expressed in efficiency values such as R or WW per cow exposed, A was favored. The study points out the necessity of addressing the complete production cycle in the evaluation of breeds and breed crosses if production efficiency is to be enhanced through crossbreeding.
